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Abstract
Trypanosoma evansi is reportedly divided into two genotypes: types A and B. The type B is uncommon and reportedly 
limited to Africa: Kenya Sudan, and Ethiopia. In contrast, type A has been widely reported in Africa, South America, and 
Asia. However, Trypanosoma evansi type non-A/B has never been reported. Therefore, this study aims to determine the 
species and genotype of the Trypanozoon subgenus using a robust identification algorithm. Forty-three trypanosoma 
isolates from Indonesia were identified as Trypanosoma evansi using a molecular identification algorithm. Further 
identification showed that 39 isolates were type A and 4 isolates were possibly non-A/B types. The PML, AMN-SB1, and 
STENT3 isolates were likely non-A/B type Trypanosoma evansi isolated from buffalo, while the PDE isolates were isolated 
from cattle. Cladistic analysis revealed that Indonesian Trypanosoma evansi was divided into seven clusters based on 
the gRNA-kDNA minicircle gene. Clusters 6 and 7 are each divided into two sub-clusters. The areas with the highest 
genetic diversity are the provinces of Banten, Central Java (included Yogyakarta), and East Nusa Tenggara. The Central 
Java (including Yogyakarta) and East Nusa Tenggara provinces, each have four sub-clusters, while Banten has three.

Keywords: Trypanosoma evansi, genotype, type non A/B, algorithm, molecular identification.

Resumo
Trypanosoma evansi é reportado como dividido em dois genótipos: tipos A e B. O tipo B é incomum e reportado 
como limitado à África: Quênia, Sudão e Etiópia. Em contraste, o tipo A tem sido amplamente relatado na África, 
América do Sul e Ásia. No entanto, Trypanosoma evansi tipo não-A/B nunca foi relatado. Portanto, este estudo tem 
como objetivo determinar a espécie e o genótipo do subgênero Trypanozoon, utilizando-se um algoritmo robusto de 
identificação. Quarenta e três isolados de tripanosoma da Indonésia foram identificados como Trypanosoma evansi, 
usando-se um algoritmo de identificação molecular. A identificação adicional mostrou que 39 isolados eram do tipo 
A e 4 isolados eram, possivelmente, do tipo não A/B. Os isolados PML, AMN-SB1 e STENT3 foram, provavelmente, 
Trypanosoma evansi do tipo não A/B isolado de búfalos, enquanto os isolados de PDE foram isolados de bovinos. 
A análise cladística revelou que o Trypanosoma evansi indonésio foi dividido em sete grupos baseados no gene 
do minicírculo gRNA-kDNA. Os clusters 6 e 7 foram divididos cada um em dois subclusters. As áreas com maior 
diversidade genética são as províncias de Banten, Java Central (incluindo Yogyakarta) e East Nusa Tenggara. As de Java 
Central (incluindo Yogyakarta) e East Nusa Tenggara têm, cada uma, quatro subgrupos, enquanto Banten tem três.

Palavras-chave: Trypanosoma evansi, genótipo, tipo não A/B, algoritmo, identificação molecular.
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Introduction
Species identification in the Trypanozoon subgenus based on morphology and molecular markers still causes 

disputes among researchers. It is difficult to morphologically identify the three Trypanozoon subgenus species 
because of their morphological similarities (Li et al., 2006; Sánchez et al., 2016; Wen et al., 2016; Gizaw et al., 2017). 
Their molecular identification is similarly challenging, with some commonly used primer pairs such as ITS1 and 
ITS2 or TBR known to detect pan-trypanosomes (WOAH, 2021). The three primer pairs can detect a broad range of 
species, such as Trypanosoma congolense, Trypanosoma simiae, Trypanosoma vivax, Trypanosoma theileri, Trypanozoon 
subgenus, and several other species (Salim et al., 2014; Isaac et al., 2016; Alanazi et al., 2018; Gaithuma et al., 2019; 
Marsela et al., 2020). Therefore, it is more suitable to screen based on their DNA sequence.

However, the ESAG6/7 or RoTat1.2 primer pairs are known to only identify up to the Trypanozoon subgenus (WOAH, 
2021). The ESAG6/7 primer pair amplifies the expression site associated gene 6/7 (ESAG6/7) that encodes the transferrin 
receptor protein (Tf-R), which comprises ESAG6 and ESAG7 protein subunits (Gerrits et al., 2002; Kariuki et al., 2019). 
Primer pairs targeting variant surface glycoprotein (VSG) Rode Trypanozoon antigen type (RoTat) 1.2 have also been 
reported to identify only the Trypanozoon subgenus (El-Naga et al., 2012; WOAH, 2021). VSG is a structural layer of 
glycoprotein that coats the entire cell surface of Trypanosoma sp. (Sudan et al., 2017; Gaur et al., 2021). RoTat 1.2 is VSG’s 
predominant variant antigen type (Gaur et al., 2021). Several RoTat 1.2 primer pairs have different nucleotide sequences 
and have been used for different purposes, including identifying Trypanosoma evansi genotypes (Birhanu et al., 2016).

However, some primer pairs can be used to distinguish Trypanosoma brucei from T. evansi by targeting the kinetoplast 
DNA (kDNA) minicircle gene (Artama et al., 1992). T. evansi can also be distinguished from T. brucei and Trypanosoma 
equiperdum by targeting the kDNA maxicircle gene (Li et al., 2007). It has recently been reported to use several primer 
pairs successively for species identification (Subekti et al., 2023). Therefore, the appropriate algorithm design will greatly 
increase the accuracy of molecular identification of Trypanozoon species. Genetically, T. evansi has also been reported 
to be divided into two genotypes: types A and B (Birhanu et al., 2016; Boushaki et al., 2019; Li et al., 2020). Molecular 
identification for genotype classification relies on two primer pairs: ILO7957/8091 targeting the VSG RoTat 1.2 gene and 
EVAB targeting the kDNA minicircle type B (Njiru et al., 2006; Birhanu et al., 2016; Boushaki et al., 2019).

T. evansi type B is uncommon and reportedly limited to Africa: Kenya, Sudan, Chad, and Ethiopia (Birhanu et al., 
2016; Boushaki et al., 2019). In contrast, T. evansi type A has been widely reported in Africa, South America, and 
Asia (Njiru et al., 2006; Birhanu et al., 2016). This study aims to identify T. evansi from Indonesian isolates with 
molecular identification algorithms while establishing genotypes and their genetic diversity.

Materials and Methods

Trypanosome and DNA extraction
Forty-three trypanosome isolates from several regions of Indonesia were grown in Deutschland, Denken, 

and Yoken (DDY) mice. When their parasitemia was high, the mice were euthanized, and blood was collected by 
heart puncture. Next, Trypanosoma-containing blood was purified using the Toyopearl 650M DEAE-methacrylate 
polymer (Tosoh Bioscience, Philadelphia, PA, USA; Subekti et al., 2023). DNA was extracted from pure trypanosomes 
using DNAzol (Molecular Research Center Inc., Cincinnati, OH, USA) according to the manufacturer’s instructions. 
All extracted DNA was stored in the freezer (−20°C) until needed.

Species identification
T. evansi species were identified using three primer pairs sequentially: ESAG6/7 (WOAH, 2021), guide RNA (gRNA)-

kDNA minicircle (Artama et al., 1992), and ND5-kDNA maxicircle (Li et al., 2007). The molecular identification algorithm 
was performed according to the guidelines in Figure 1. After the T. evansi isolates were identified, their genotypes 
were determined using two primer pairs: ILO7957/8091 and EVAB (Birhanu et al., 2016; Boushaki et al., 2019).

PCR primer and program
The primers used in the study and their amplification program are briefly described in Table 1. Polymerase chain reaction 

(PCR) was performed using a GTC96S, 96-well Thermal Cycler (Cleaver Scientific, Rugby, Warwickshire, UK). The 50 μL 
reaction mixture contained 1 µL (100 ng/µL) DNA, 1 µL (20 µM) of each primer (forward and reverse), 25 µL of MyTaq™ HS 
Red Mix 2x (Meridian Life Science Inc., Memphis, TN, USA), and 22 μL of nuclease-free water (Promega, Madison, WI, USA).
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The PCR product (amplicon) was electrophoresed in a 1.5% agarose gel with 1st Base FloroSafe DNA stain (Axil 
Scientific Pte Ltd., Singapore) using the RunVIEW real-time gel visualization system (Cleaver Scientific) and visualized 
using a Clear View UV Transilluminator (Cleaver Scientific).

Figure 1. Molecular identification algorithm for Trypanozoon subgenus species. Mini = gRNA-kDNA minicircle; Maxi = ND5-kDNA 
maxicircle; RoTat 1.2-b = ILO7957/8091.

Table 1. The nucleotide sequences and PCR programs of the PCR primers used in this study.

Primer name Nucleotide sequence (5’ to 3’) Source PCR program

ESAG6/7 F: ACATTCCAGCAGGAGTTGGAG Holland et al. (2001) 1’ at 94oC, 35 cycles:

R: CACGTGAATCCTCAATTTTGT [1’ at 94oC, 2’ at 55oC, 2’ at 72oC], and 10’ at 72oC

MINI F: CAACGACAAAGAGTCAGT Artama et al. (1992) 1’ at 94oC, 35 cycles:

R: ACGTGTTTTGTGTATGGT [1’ at 94oC, 2’ at 55oC, 2’ at 72oC], and 10’ at 72 oC

MAXI F: TGGGTTTATATCAGGTTCATTTATG Li et al. (2007) 1’ at 94oC, 35 cycles:

R: CCTAATAATCTCATCCGCAGTACG [1’ at 94oC, 1’ at 55oC, 2’ at 72oC], and 10’ at 72oC

RoTat 1.2-a F: GCGGGGTGTTTAAAGCAATA Claes et al. (2004); 4’ at 94oC, 35 cycles:

R: ATTAGTGCTGCGTGTGTTCG WOAH (2021) [1’ at 94oC, 1’ at 59oC, 1’ at 72oC], and 5’ at 72oC

RoTat 1.2-b F: GCCACCACGGCGAAAGAC Urakawa et al. (2001); 1’ at 94oC, 35 cycles:

R: TAATCAGTGTGGTGTGC Birhanu et al. (2016) [1’ at 94oC, 1’ at 52oC, 1’ at 72oC], and 5’ at 72oC

RoTat 1.2-c F: CTGAAGAGGTTGGAAATGGAGAAG Konnai et al. (2009); 1’ at 94oC, 35 cycles:

R: GTTTCGGTGGTTCTGTTGTTGTTA Salim et al. (2011) [1’ at 94oC, 1’ at 59oC, 1’ at 72oC], and 5’ at 72oC

EVAB F: CACAGTCCGAGAGATAGAG Njiru et al. (2006) 5’ at 95oC, 30 cycles:

R: CTGTACTCTACATCTACCTC [1’ at 94oC, 1’ at 60oC, 1’ at 72oC], and 10’ at 72oC

Notes: MINI = gRNA-kDNA minicircle; MAXI = ND5-kDNA maxicircle; RoTat 1.2-b = ILO7957/8091; RoTat 1.2-c = TeRoTat920/1070.
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Sequencing and cladogram construction
The PCR products were sequenced at Bioneer Corp. (Daejeon, Republic of Korea). The obtained nucleotide 

sequences were assessed for similarity to other trypanosome isolates using the Basic Local Alignment Search Tool 
(BLAST) from the US National Center for Biotechnology Information (Altschul et al., 1997). The possible identity of 
the trypanosome isolates was determined based on all nucleotide sequences in the BLAST alignments with the 
highest percentage sequence similarity and query coverage for each identified species.

The cladogram was constructed using two approaches. The first used the nucleotide sequence of the gRNA-
kDNA minicircle gene, while the other used the binary data derived from the PCR results with primer pairs 
ESAG6/7, gRNA-kDNA minicircle (MINI), RoTat 1.2, and EVAB. The cladogram based on the nucleotide sequence of 
the gRNA-kDNA minicircle was constructed using CLC Sequence Viewer 8.0 (Qiagen, Copenhagen, Denmark) with 
the Neighbor-joining method using Jukes-Cantor nucleotide distance measurement and bootstrap analysis with 
1000 replicates. The cladogram was visualized using The Interactive Tree Of Life (https://itol.embl.de) (Letunic & 
Bork, 2021). The cladograms based on the binary data were constructed using hierarchical cluster analysis (HCA) 
with Minitab (Minitab LLC, State College, PA, USA) with the average linkage method (Stevens & Godfrey, 1992).

Results and Discussion

Molecular identification and genotyping
Forty-three trypanosome isolates were identified as T. evansi using the molecular identification algorithm. 

The alignment of the nucleotide sequences of PCR amplicons with the ESAG6/7 primer pair showed sequence 
similarity to three species in the Trypanozoon subgenus. Sequence similarity to T. evansi ranged from 89.90% 
to 98.11%, T. brucei ranged from 91.33% to 98.33%, and T. equiperdum ranged from 84.69% to 97.17% (Table 2). 
These results are consistent with several reports that concluded that the ESAG6/7 primer pair could identify the 
Trypanozoon subgenus but not the species (Holland et al., 2001; Isobe et al., 2003; WOAH, 2021).

In the second step, the MINI primers are used to further refine the species identification by eliminating one of 
the three possible species in the Trypanozoon subgenus. The MINI primer pair has been reported to amplify the 
gRNA-kDNA minicircle gene in T. evansi but not T. brucei (Artama et al., 1992). The nucleotide sequences of these PCR 
amplicons showed sequence similarities to T. evansi, ranging from 93.67% to 99.18%, and T. equiperdum, ranging 
from 90.33% to 99.09%; none showed sequence similarity to T. brucei (Table 2). This result provides additional 
information not mentioned by Artama et al. (1992), whose study did not include T. equiperdum. At the same time, 
PCR using the RoTat 1.2-a primer pair (Table 3) showed positive results for all isolates. These results are consistent 
with Claes et al. (2004), who explained that the RoTat 1.2 primer pair (RoTat 1.2-a in this study) amplified 100% 
(8/8) of T. evansi and 77.8% (7/9) T. equiperdum isolates but no T. brucei isolates. It can be concluded that the 
43 trypanosome isolates were likely T. evansi or T. equiperdum and not T. brucei.

The third and final species identification step used the MAXI primer pair to PCR amplify the kDNA maxicircle 
gene. The MAXI primer pair has been reported to amplify only the kDNA maxicircle genes in T. equiperdum and 
T. brucei (Li et al., 2007; Suganuma et al., 2016). Since T. evansi has lost the maxicircle gene, it cannot be amplified 
by the MAXI primer pair. PCR using the MAXI primer pair was negative for all isolates, supporting the identification 
of T. evansi and excluding T. equiperdum (Figure 1 and Table 3).

The fourth step is an additional step to determine the T. evansi genotype, which will be identified as type A 
with a positive result with the ILO7957/8091 primer pair (RoTat 1.2-b in this study) and negative a result with 
the EVAB primer pair, while T. evansi type B shows the opposite results (Njiru et al., 2006; Birhanu et al., 2016; 
Boushaki et al., 2019). T. evansi types A and B are differentiated based on minicircle kDNA (Cuypers et al., 2017). 
The immunodominant RoTat 1.2 variable surface glycoprotein is primarily used to identify T. evansi type A, while 
EVAB primer is primarily used to identify T. evansi type B isolates based on present or absent of B minicircle kDNA 
(Birhanu et al., 2016; Cuypers et al., 2017; Boushaki et al., 2019). To date, T. evansi type B has only been reported in 
Eastern Africa, probably present but not detected in Western and Northern Africa (Cuypers et al., 2017). However, 
there have been reports that T. evansi type B has only been isolated from camels and found in a limited geographic 
area, especially Kenya, Ethiopia (both are Eastern Africa), and Sudan which is known to belong to parts of Northern 
Africa (Njiru et al., 2006; Njiru et al., 2011; Birhanu et al., 2016). In contrast, T. evansi type A has been frequently 
isolated from various hosts in Africa, South America, and Asia (Birhanu et al., 2016; Behour & Abd El Fattah, 2023).
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Table 2. Sequence similarity of Indonesian trypanosome isolates based on expression site-associated genes region 6 (ESAG6) 
and gRNA-kDNA minicircle genes.

No Code Host Year
ESAG6 Sequence Similarity  

( accession number)φ

gRNA-kDNA minicircle 
Sequence Similarity  

(accession number)φ,*
T. evansi T. brucei T. equiperdum T. evansi T. equiperdum

1 AMN-SB1 Buffalo 2013 97.50% 
(JF8942421)

98.33% 
(L07805)

94.17% 
(EU726386)

93.85% 
(M57462)

93.02% 
(EU155058)

2 KPG Buffalo 1985 96.57% 
(KR858299)

97% 
(FM162581)

93.99% 
(EU726386)

96.19% 
(M81594)

96.12% 
(EU155058)

3 PML Buffalo 1996 95.85% 
(JF894242)

96.68% 
(KC257414)

92.53% 
(EU726386)

95.05% 
(M57462)

94.15% 
(EU155058)

4 STENT1 Buffalo 2012 94.71% 
(KR858301)

96.09% 
(EU726442)

91.96% 
(EU726386)

95.31% 
(M81594)

92.06% 
(M14763)

5 STENT5 Buffalo 2012 92.99% 
(KR858301)

93.96% 
(EU726442)

90.74% 
(EU726385)

96.29% 
(M81594)

93.02% 
(M14763)

6 STENT3 Buffalo 2012 93.95% 
(KR858301)

95.88% 
(EU726442)

92.18% 
(EU726385)

96.29% 
(M81594)

93.02% 
(M14763)

7 SPT-CB1 Buffalo 2013 97.91% 
(JF894242)

98.33% 
(FM162580.)

94.56% 
(EU726386)

94.97% 
(M81594)

92.97% 
(M14763)

8 STENT2 Buffalo 2012 93.96% 
(KR858301)

93.98% 
(EU726442)

90.37% 
(EU726386)

94.07% 
(M81594)

90.33% 
(M14763)

9 STENT4 Buffalo 2012 96.57% 
(KR858299)

97.01% 
(FM162581)

93.16% 
(EU726386)

94.78% 
(M81594)

91.52% 
(M14763)

10 SBWNT Buffalo 1998 93.90% 
(KR858299)

95.31% 
(FM162581)

92.43% 
(EU726386)

99.18% 
(M81594)

99.09% 
(EU155058)

11 TBN-EJ Cattle 2003 92.95% 
(KR858299)

94.74% 
(L07805)

91.46% 
(EU726386)

95.74% 
(M81594)

91.76% 
(M14763)

12 PDE Cattle 1986 95.40% 
(KR858299)

95.83% 
(FM162581)

92.92% 
(EU726386)

98.45% 
(M81594)

98.39% 
(EU155058)

13 ASH Buffalo 1992 97.06% 
(KR858299)

97.49% 
(FM162581)

93.72% 
(EU726386)

95.21% 
(M81594)

91.23% 
(M14763)

14 SB-PR Buffalo 2012 97.12% 
(KR858301)

96.63% 
(EU726436)

93.27% 
(EU726385)

94.07% 
(M81594)

91.07% 
(M14763)

15 SB-RS Buffalo 2014 97.56% 
(KR858299)

98.05% 
(FM162581)

93.66% 
(AF068701)

96.98% 
(AY918061)

96.97% 
(M14763)

16 SB-RHL Buffalo 2014 97.14% 
(KR858299)

98.10% 
(EU726444)

94.29% 
(EU726386)

nd nd

17 SB-RD Buffalo 2014 97.51% 
(KR858301)

98.01% 
(EU726442)

93.53% 
(EU726385)

96.06% 
(M81594)

94.78% 
(M14763)

18 SB-RM Buffalo 2014 97.12% 
(KR858301)

97.12% 
(EU726442)

93.27% 
(EU726385)

95.51% 
(M57459)

93.84% 
(M14763)

19 ERK-SC2 Bx Cattle 1986 97.73% 
(KR858301)

97.73% 
(FM162578)

94.09% 
(EU726385)

96.62% 
(M81594)

95.75% 
(M14763)

20 BTN06 Buffalo 2014 91% 
(OU830658)

91.47% 
(MF093650)

91.47% 
(EU726393)

97.20% 
(M57462)

96.25% 
(M14763)

21 BTN07 Buffalo 2014 95% 
(JF894242)

95% 
(KC257412)

90.50% 
(EU726385)

96.90% 
(M57462)

96.26% 
(M14763)

22 BTN08 Buffalo 2014 96.50% 
(KR858301)

96.50% 
(FM162578)

93.50% 
(EU726385)

94.88% 
(M57462)

93.64% 
(M14763)

23 BTN09 Buffalo 2014 96.14% 
(KR858301)

97.10% 
(FM162580)

94.20% 
(EU726386.)

94.72% 
(M57462)

93.44% 
(M14763)

24 BTN10 Buffalo 2014 93.81% 
(JF894242)

93.81% 
(KC257412)

90.45% 
(EU726386)

95.87% 
(M57462)

94.89% 
(EU155058)

25 BTN14 Buffalo 2014 96% 
(KR858299)

97% 
(FM162581)

93.50% 
(EU726386)

96.63% 
(M81594)

96.63% 
(EU155058)

26 BTN15 Buffalo 2014 95.50% 
(OU830658)

96% 
(EU726434)

93.50% 
(EU726386)

95.80% 
(M81594)

95.80% 
(EU155058)

27 BTN16 Buffalo 2014 94.76% 
(JF894242)

95.24% 
(L07805.)

93.33% 
(EU726386)

96.89% 
(M57462)

95.62% 
(M14763)

28 BRBS-1 Buffalo 2017 nd nd nd 98.79% 
(M81594)

98.32% 
(EU155058)

29 BRBS-2 Buffalo 2017 95.05% 
(AB551915)

96.04% 
(EU726442)

90.59% 
(EU726393)

95.11% 
(M81594)

95.11% 
(EU155058)

30 BRBS-3 Buffalo 2017 89.80% 
(JF894242)

91.33% 
(OM932504)

84.69% 
(EU726385)

93.67% 
(M57462)

92.42% 
(M14763)

31 BRBS-4 Buffalo 2017 92.79% 
(OU830658)

93.75% 
(KC257412)

91.83% 
(EU726386)

95.54% 
(M57462)

94.49% 
(EU155058)

Notes: nd = not done.
φaccession number is the highest query coverage and sequence similarity only; *isolate number 1-14 generated from Subekti et al. (2023).
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Tabel 3. The results of the PCR test for Indonesian trypanosome isolates used different primers for identification and genotyping.

No Code District, 
Province Host ESAG 

6/7* MINI* MAXI EVAB* RoTat 
1.2-a*

RoTat 
1.2-b

RoTat 
1.2-c Genotype

1 AMN-SB1 Amuntai, 
South 

Kalimantan

Buffalo + + - - + - + non A/B

2 KPG Kulon Progo, 
Yogyakarta

Buffalo + + - - + + + A

3 PML Pemalang, 
Central Java

Buffalo + + - - + - + non A/B

4 STENT1 East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + - A

5 STENT5 East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

6 STENT3 East Sumba, 
East Nusa 
tengara

Buffalo + + - - + - + non A/B

7 SPT-CB1 Sampit, Central 
Kalimantan

Buffalo + + - - + + + A

8 STENT2 East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

9 STENT4 East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

10 SBWNT Sumbawa, 
West Nusa 
Tenggara

Buffalo + + - - + + + A

11 TBN-EJ Tuban, East Java Cattle + + - - + + + A
12 PDE Pidie, Aceh Cattle + + - - + - + non A/B
13 ASH Asahan, North 

Sumatra
Buffalo + + - - + + + A

14 SB-PR East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

Notes: Bx Cattle = Brahman Cross Cattle. 
* isolate number 1-14 generated from Subekti et al. (2023). + = PCR positive; – = PCR negative; MINI = gRNA-kDNA minicircle; MAXI = ND5-kDNA 
maxicircle; RoTat 1.2-b = ILO7957/8091; RoTat 1.2-c = TeRoTat920/1070 (see Table 1).

No Code Host Year
ESAG6 Sequence Similarity  

( accession number)φ

gRNA-kDNA minicircle 
Sequence Similarity  

(accession number)φ,*
T. evansi T. brucei T. equiperdum T. evansi T. equiperdum

32 BRBS-5 Buffalo 2017 95% 
(KC257411)

95% 
(KR858301)

91.50% 
(EU726385)

95.34% 
(M57462)

94.38% 
(EU155058)

33 BRBS-6 Buffalo 2017 94.21% 
(JF894242)

95.79% 
(FM162580)

92.63% 
(EU726386)

94.79% 
(M57462)

93.74% 
(EU155058)

34 BRBS-7 Buffalo 2017 94.36% 
(KR858301)

94.36% 
(EU726442)

89.74% 
(EU726393)

94.25% 
(M81594)

93.61% 
(M14763)

35 BRBS-8 Buffalo 2017 95% 
(KR858301)

96% 
(EU726442)

91% (EU726393) 94.69% 
(M81594)

94.69% 
(EU155058)

36 BRBS-9 Buffalo 2017 98.11% 
(OU830658)

98.11% 
(EU726440)

97.17% 
(EU726385)

95.17% 
(M81594)

94.56% 
(M14763)

37 BRBS-10 Buffalo 1996 92.38% 
(JF894242)

92.86% 
(FM162576)

90% (EU726386) 97.80% 
(M57462)

96.52% 
(M14763)

36 BRBS-13 Buffalo 1996 95% 
(JF894242)

95.50% 
(EU726435)

94% (EU726386) 95.03% 
(M57462)

93.75% 
(M14763)

39 BYW-EJ Cattle 1992 95.63% 
(KR858301)

96.60% 
(EU726442)

91.75% 
(EU726393)

98.17% 
(M81594

97.56% 
(M14763)

40 BKN-EJ2 Buffalo 1988 96.47% 
(AB551914)

96.82% 
(FM162578)

94.35% 
(EU726385)

97.82% 
(M81594

97.82% 
(EU155058)

Notes: nd = not done.
φaccession number is the highest query coverage and sequence similarity only; *isolate number 1-14 generated from Subekti et al. (2023).

Table 2. Continued...
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Table 3. Continued...

No Code District, 
Province Host ESAG 

6/7* MINI* MAXI EVAB* RoTat 
1.2-a*

RoTat 
1.2-b

RoTat 
1.2-c Genotype

15 SB-RS East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

16 SB-RHL East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

17 SB-RD East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

18 SB-RM East Sumba, 
East Nusa 
tengara

Buffalo + + - - + + + A

19 ERK-SC2 Enrekang, 
South Sulawesi

Bx 
Cattle

+ + - - + + + A

20 BTN06 Pandeglang, 
Banten

Buffalo + + - - + + + A

21 BTN07 Pandeglang, 
Banten

Buffalo + + - - + + + A

22 BTN08 Pandeglang, 
Banten

Buffalo + + - - + + + A

23 BTN09 Pandeglang, 
Banten

Buffalo + + - - + + + A

24 BTN10 Pandeglang, 
Banten

Buffalo + + - - + + + A

25 BTN13 Pandeglang, 
Banten

Buffalo + + - - + + + A

26 BTN14 Pandeglang, 
Banten

Buffalo + + - - + + + A

27 BTN15 Pandeglang, 
Banten

Buffalo + + - - + + + A

28 BTN16 Pandeglang, 
Banten

Buffalo + + - - + + + A

29 BRBS-1 Brebes, Central 
Java

Buffalo + + - - + + + A

30 BRBS-2 Brebes, Central 
Java

Buffalo + + - - + + + A

31 BRBS-3 Brebes, Central 
Java

Buffalo + + - - + + + A

32 BRBS-4 Brebes, Central 
Java

Buffalo + + - - + + + A

33 BRBS-5 Brebes, Central 
Java

Buffalo + + - - + + + A

34 BRBS-6 Brebes, Central 
Java

Buffalo + + - - + + + A

35 BRBS-7 Brebes, Central 
Java

Buffalo + + - - + + + A

36 BRBS-8 Brebes, Central 
Java

Buffalo + + - - + + + A

37 BRBS-9 Brebes, Central 
Java

Buffalo + + - - + + + A

38 BRBS-10 Brebes, Central 
Java

Buffalo + + - - + + + A

39 BRBS-13 Brebes, Central 
Java

Buffalo + + - - + + + A

40 SBWNT2 Sumbawa, 
West Nusa 
tenggara

Cattle + + - - + + + A

41 BYW-EJ Banyuwangi, 
East Java

Bx 
Cattle

+ + - - + + + A

42 BKN-EJ2 Bangkalan, 
East Java

Buffalo + + - - + + + A

43 BYW-EJ2 Banyuwangi, 
East Java

Cattle + + - - + + + A

Notes: Bx Cattle = Brahman Cross Cattle. 
* isolate number 1-14 generated from Subekti et al. (2023). + = PCR positive; – = PCR negative; MINI = gRNA-kDNA minicircle; MAXI = ND5-kDNA 
maxicircle; RoTat 1.2-b = ILO7957/8091; RoTat 1.2-c = TeRoTat920/1070 (see Table 1).
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Previous research has shown that the KETRI 2472 isolate was misclassified, and it has been suggested that it 
should be reviewed. The KETRI 2472 isolate originates from camels in Sudan and is currently believed to be T. evansi 
type A (Njiru et al., 2006). However, since data from Njiru et al. (2006) showed that this isolate was negative for RoTat 
1.2 and EVAB, so it probably deserved to be classified as T. evansi type non-A/B. T. evansi non-A/B (KETRI 3552 and 
3557) has also been reported in Kamidi et al. (2017) but there have been several criticisms of the identification 
approach. The KETRI 3552 and 3557 were both classified as T. evansi non-A/B despite being PCR positive for RoTat 
1.2. There are some criticisms, first, they do not prove whether PCR is positive or not for B minicircles which is 
the key to identifying T. evansi type B. Second, only relied on A-281-del as a genetic marker and did not consider 
RoTat 1.2 (using ILO7957/ILO8091 primer set) as the key to identifying T. evansi type A, lead doubts and confusion 
regarding identification and assignment the true status of KETRI 3552 and 3557. Carnes et al. (2015) reported that 
T. evansi with negative RoTat 1.2 is likely type B, C or something else. This evidence shows that A-281-del as the main 
key identification for type A is not appropriate, so KETRI 3552 and 3557 should be categorized as T. evansi type A. 
Third, Kamidi et al. (2017) doubted the RoTat 1.2 primer (ILO7957/ILO8091) because it could not detect all T. evansi. 
This is actually supporting evidence that RoTat 1.2 (ILO7957/ILO8091) is able to differentiate T. evansi type A and 
others (type B or something else). This also happened in our study where four out of 43 isolates showed negative 
with the primers ILO7957/ILO8091 (RoTat 1.2b in this study). This finding is similar with Ngaira et al. (2004) which 
only detected positive 72.22% of T. evansi tested using same primer sets. In contrast, the use of another RoTat 
1.2 primer (RoTat 1.2a in this study) proved successful in detecting all T. evansi that had been tested as reported 
by Claes et al. (2004) and in this study.

This study identified four out of 43 (9.30%) T. evansi isolates as negative with both the EVAB and 
ILO7957/8091 primer pairs and could possibly be considered for classification as non-A and non-B types (non-
A/B; Table 3). The T. evansi type non-A/B isolates (PML, AMN-SB1, and STENT3) were isolated from buffalo, while 
the PDE isolate was isolated from cattle. This is the first study to isolate T. evansi type non-A/B strains from 
bovines outside of Africa. The STENT1 isolate was classified as T. evansi type A because it showed a positive 
ILO7957/8091 result. Based on the report by Behour & Abd El Fattah (2023), which classified T. evansi type B based 
on a negative TeRoTat920/1070 result (RoTat 1.2-c in this study) and a positive EVAB result, STENT1 may also be 
considered T. evansi type non-A/B because TeRoTat920/1070 and EVAB are both negative. However, we consider 
the classification of STENT1 as non-A/B type to be inappropriate because the sensitivity of TeRoTat920/1070 is 
below that of ILO7957/8091. Salim et al. (2011) reported that the TeRoTat920/1070 primer pair could amplify the 
VSG RoTat 1.2 gene belonging to T. evansi in 63.3% (19/30) of isolates, while 36.7% (11/30) were negative. Overall, 
the difference in detection of three RoTat 1.2 primer sets from this study and other studies seems to require a 
more in-depth study regarding the identification of T. evansi type A.

A cladogram constructed based on the nucleotide sequence of the gRNA-kDNA minicircle shows that two T. evansi 
type non-A/B isolates from Indonesia (PML and AMN-SB1) are grouped into Cluster 3 with other T. evansi type A 
and B isolates and the KETRI 2472 isolate (Figure 2). The other Indonesian T. evansi type non-A/B (STENT3 and 
PDE) were grouped into Cluster 1 and 2 respectively (Figure 2). This approach was unsuccessful in classifying each 
T. evansi genotype separately. A suggested alternative approach for cladogram construction was to use HCA based 
on binary data derived from positive or negative observational data obtained from nucleic acid amplification using 
the primer pairs ESAG6/7, MINI, TeRoTat920/1070, ILO7957/8091, and EVAB. The cladogram constructed using 
HCA successfully grouped T. evansi type A, B, and non-A/B isolates into separate clusters (Figure 3). However, 
one weakness of this approach is that it cannot explore and classify genetic diversity in more detail based on the 
nucleotide or amino acid sequences of each isolate.

Phylogeography of Indonesian T. evansi
T. evansi isolates from Indonesia were generally grouped into seven clusters based on the nucleotide sequence 

of the gRNA-kDNA minicircle (Figure 4). Cluster 6 was divided into two sub-clusters containing isolates from six 
provinces i.e. Aceh (PDE), Banten (BTN), Central Java (BRBS), Yogyakarta (KPG), East Java (BKN-EJ2, BYW-EJ1), and 
West Nusa Tenggara (SBWNT). Cluster 7 was divided into two sub-clusters, with isolates originated from three 
provinces i.e Banten (BTN), Central Java (BRBS, PML), and South Kalimantan (AMN-SB1). Meanwhile isolates from 
East Nusa Tenggara province (STENT, SB-PR, SB-RD, SB-RM, SB-RS) were grouped into clusters 1 to 4 together with 
isolates from North Sumatra province (ASH, cluster 3), East Java province (TBN-EJ, cluster 2) and Central Kalimantan 
province (SPT-CB1, cluster 4).
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Geographically, the four T. evansi type non-A/B isolates originate from a province that historically did not have 
trade routes related to livestock movement (Figure 5), especially buffalo and cattle. The four T. evansi types non-
A/B isolates were also isolated over a long period. Therefore, the most likely hypothesis was that they emerged 
independently in each region. While the T. evansi type non-A/B isolates in South Kalimantan and East Nusa Tenggara 
(ENT) provinces were isolated in adjacent years, these provinces do not have historical and current buffalo trade 
routes.

The areas with high genetic diversity are the provinces of East Nusa Tenggara, Central Java (including Yogyakarta), 
and Banten (Figure 5). Central Java (including Yogyakarta) provinces had four sub-clusters (6A, 6B, 7A, and 7B), 
while Banten province had three sub-clusters (6B, 7A, and 7B). Historically, livestock movement between Banten 
and Central Java provinces (vice versa), especially cattle and buffalo, has existed for a long time, it is possible that 
the isolates from the two provinces originated from same ancestor.

The T. evansi isolates isolated from buffaloes in the ENT province showed interesting patterns. They were all 
grouped into the same cluster (Cluster 1, Figure 2) when compared with T. evansi isolates from outside Indonesia 
or separated into four cluster when compared with isolates from Indonesia (Figure 4). All isolates from the ENT 
province were isolated in 2012 from buffaloes that survived the Surra outbreak in 2010–2012. The Surra outbreak 
in ENT Province in 2010–2012 killed more than 1700 horses and buffaloes (Subekti & Yuniarto, 2020). Based on 

Figure 2. Trypanozoon cladogram based on the nucleotide sequence of the gRNA-kDNA minicircle gene constructed with Neighbor-
joining method using Jukes-Cantor nucleotide distance measurement and bootstrap analysis with 1000 replicates. The asterisk 
is T. evansi type non-A/B. Tev = Trypanosoma evansi, Tev B = Trypanosoma evansi type B, Tbr = Trypanosoma brucei, and Teq = 
Trypanosoma equiperdum.
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Figure 3. Trypanosoma evansi cladogram constructed using the average linkage method with squared Euclidean distance 
measurement. Binary data conversion of T. evansi type B isolates (MU014 and MU010) generated from Birhanu et al. (2016).

Figure 4. Cladogram of Indonesian Trypanosoma evansi based on the nucleotide sequence of the gRNA-kDNA minicircle gene 
constructed using Neighbor-joining method using Jukes-Cantor nucleotide distance measurement and bootstrap analysis with 
1000 replicates. The asterisk indicates T. evansi type non-A/B in this study
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their clustering (Figure 5), isolates from ENT appear to be related to isolates from East Java, Central Kalimantan and 
North Sumatra provinces. However, the difference in the year of origin of ENT isolates and isolates from East Java 
and North Sumatra provinces is greatly different, 2013 versus 1992. Unfortunately, data on the historical spread 
of trypanosomes at that time are unavailable, making it difficult to predict the association among isolates from 
those provinces. The genetic relationship between ENT isolates and isolates from Central Kalimantan and East 
Java provinces also cannot be confirmed conclusively, even though historically livestock movement from ENT to 
these two provinces has existed for a long time. Further studies are needed to reveal the distribution of T. evansi 
between islands by comparing data on animal movements between them in the same or adjacent years.

Conclusions
Forty-three trypanosoma isolates from Indonesia were identified as Trypanosoma evansi using a molecular 

identification algorithm. Further identification showed that 39 isolates were type A and 4 isolates were possibly 
non-A/B types. This study reports the first isolation of T. evansi which is suspected to be type non-A/B from bovines. 
Non-A/B type of T. evansi was found in isolates originating from the provinces of Aceh, Central Java, South Kalimantan 
and East Nusa Tenggara. This study is also the first to report high genetic diversity in the Banten, Central Java, and 
East Nusa Tenggara provinces based on the nucleotide sequences of the gRNA-kDNA minicircle. Further research 
is needed to uncover and more deeply exploration.

Acknowledgements
Greatly appreciation to Eko S Purwanto, Mutaqin Purwadi, and Fatih Arrafiq who have assisted during the 

propagation and purification of Trypanosomes. This research was funded by the Directorate of Research, Technology, 
and Community Service and the Directorate General of Higher Education, Research, and Technology (contract 
number: 114/E5/PG.02.00.PL/2023) through the Institute for Research and Community Service at Airlangga University 
(derivative contract number: 1268/UN3.LPPM/PT.01.03/2023) to Lucia T Suwanti.

Figure 5. Distribution map of the Trypanosoma evansi sub-cluster in Indonesia based on the genetic diversity of the minicircle 
gene (Figure 4). The red asterisk indicates the origin of T. evansi type non-A/B in this study. WNT province = West Nusa Tenggara 
province, ENT province = East Nusa Tenggara province.



Braz J Vet Parasitol 2024; 33(2): e001324 12/14

New Trypanosoma evansi type non-A/B from Indonesia

Ethics declaration
Animals were kept and handled following The Guidelines for the use and handling of Rodents as Experimental 

Animals in accordance with Animal Welfare at the Indonesian Agency for Agricultural Research and Development, 
Ministry of Agriculture. The experiments were approved by the Experimental Animal Ethics Commission of 
the Indonesian Agency for Agricultural Research and Development (Approval number: Balitbangtan/BB Litvet/
Rd/06/2021).

Conflict of interest
All authors declare no competing interests.

References
Alanazi AD, Puschendorf R, Salim B, Alyousif MS, Alanazi IO, Al-Shehri HR. Molecular detection of equine trypanosomiasis in the 
Riyadh Province of Saudi Arabia. J Vet Diagn Invest 2018; 30(6): 942-945. http://doi.org/10.1177/1040638718798688. PMid:30204053.

Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z, Miller W, et al. Gapped BLAST and PSI-BLAST: A new generation of protein 
database search programs. Nucleic Acids Res 1997; 25(17): 3389-3402. http://doi.org/10.1093/nar/25.17.3389. PMid:9254694.

Artama WT, Agey MW, Donelson JE. DNA comparisons of Trypanosoma evansi (Indonesia) and Trypanosoma brucei spp. Parasitology 
1992; 104(Pt 1): 67-74. http://doi.org/10.1017/S0031182000060819. PMid:1319564.

Behour TS, Abd El Fattah EM. Genotyping of Trypanosoma brucei evansi in Egyptian camels: detection of a different nonRoTat 
1.2 Trypanosoma brucei evansi in Egyptian camels. Trop Anim Health Prod 2023; 55(4): 279. http://doi.org/10.1007/s11250-023-
03673-6. PMid:37505344.

Birhanu H, Gebrehiwot T, Goddeeris BM, Büscher P, Reet NV. New Trypanosoma evansi type B isolates from Ethiopian dromedary 
camels. PLoS Negl Trop Dis 2016; 10(4): e0004556. http://doi.org/10.1371/journal.pntd.0004556. PMid:27035661.

Boushaki D, Adel A, Dia ML, Büscher P, Madani H, Brihoum BA, et al. Epidemiological investigations on Trypanosoma evansi 
infection in dromedary camels in the South of Algeria. Heliyon 2019; 5(7): e02086. http://doi.org/10.1016/j.heliyon.2019.e02086. 
PMid:31372547.

Carnes J, Anupama A, Balmer O, Jackson A, Lewis M, Brown R, et al. Genome and phylogenetic analyses of Trypanosoma evansi 
reveal extensive similarity to T. brucei and multiple independent origins for dyskinetoplasty. PLoS Negl Trop Dis 2015; 9(1): e3404. 
http://doi.org/10.1371/journal.pntd.0003404. PMid:25568942.

Claes F, Radwanska M, Urakawa T, Majiwa PAO, Goddeeris B, Büscher P. Variable surface glycoprotein RoTat 1.2 PCR as a specific 
diagnostic tool for the detection of Trypanosoma evansi infections. Kinetoplastid Biol Dis 2004; 3(1): 3. http://doi.org/10.1186/1475-
9292-3-3. PMid:15377385.

Cuypers B, Van den Broeck F, Van Reet N, Meehan CJ, Cauchard J, Wilkes JM, et al. Genome-wide SNP analysis reveals distinct 
origins of Trypanosoma evansi and Trypanosoma equiperdum. Genome Biol Evol 2017; 9(8): 1990-1997. http://doi.org/10.1093/
gbe/evx102. PMid:28541535.

El-Naga TRA, Barghash SM, Mohammed AHH, Ashour AA, Salama MS. Evaluation of (Rotat 1.2-PCR) assays for identifying Egyptian 
Trypanosoma evansi DNA. Acta Parasitol Glob 2012; 3(1): 1-6.

Gaithuma AK, Yamagishi J, Martinelli A, Hayashida K, Kawai N, Marsela M, et al. A single test approach for accurate and sensitive 
detection and taxonomic characterization of Trypanosomes by comprehensive analysis of internal transcribed spacer 1 amplicons. 
PLoS Negl Trop Dis 2019; 13(2): e0006842. http://doi.org/10.1371/journal.pntd.0006842. PMid:30802245.

Gaur RS, Shanker D, Sudan V, Paliwal S, Singh S, Jadaun A. Associative genetic diversity of RoTat 1.2 VSG in different Trypanosoma 
evansi isolates. Acta Parasitol 2021; 66(1): 199-204. http://doi.org/10.1007/s11686-020-00273-4. PMid:32944813.

Gerrits H, Mußmann R, Bitter W, Kieft R, Borst P. The physiological significance of transferrin receptor variations in Trypanosoma 
brucei. Mol Biochem Parasitol 2002; 119(2): 237-247. http://doi.org/10.1016/S0166-6851(01)00417-0. PMid:11814575.

Gizaw Y, Megersa M, Fayera T. Dourine: a neglected disease of equids. Trop Anim Health Prod 2017; 49(5): 887-897. http://doi.
org/10.1007/s11250-017-1280-1. PMid:28439783.

Holland WG, Claes F, My LN, Thanh NG, Tam PT, Verloo D, et al. A comparative evaluation of parasitological tests and a PCR for 
Trypanosoma evansi diagnosis in experimentally infected water buffaloes. Vet Parasitol 2001; 97(1): 23-33. http://doi.org/10.1016/
S0304-4017(01)00381-8. PMid:11337124.

https://doi.org/10.1177/1040638718798688
https://pubmed.ncbi.nlm.nih.gov/30204053
https://doi.org/10.1093/nar/25.17.3389
https://pubmed.ncbi.nlm.nih.gov/9254694
https://doi.org/10.1017/S0031182000060819
https://pubmed.ncbi.nlm.nih.gov/1319564
https://doi.org/10.1007/s11250-023-03673-6
https://doi.org/10.1007/s11250-023-03673-6
https://pubmed.ncbi.nlm.nih.gov/37505344
https://doi.org/10.1371/journal.pntd.0004556
https://pubmed.ncbi.nlm.nih.gov/27035661
https://doi.org/10.1016/j.heliyon.2019.e02086
https://pubmed.ncbi.nlm.nih.gov/31372547
https://pubmed.ncbi.nlm.nih.gov/31372547
https://doi.org/10.1371/journal.pntd.0003404
https://pubmed.ncbi.nlm.nih.gov/25568942
https://doi.org/10.1186/1475-9292-3-3
https://doi.org/10.1186/1475-9292-3-3
https://pubmed.ncbi.nlm.nih.gov/15377385
https://doi.org/10.1093/gbe/evx102
https://doi.org/10.1093/gbe/evx102
https://pubmed.ncbi.nlm.nih.gov/28541535
https://doi.org/10.1371/journal.pntd.0006842
https://pubmed.ncbi.nlm.nih.gov/30802245
https://doi.org/10.1007/s11686-020-00273-4
https://pubmed.ncbi.nlm.nih.gov/32944813
https://doi.org/10.1016/S0166-6851(01)00417-0
https://pubmed.ncbi.nlm.nih.gov/11814575
https://doi.org/10.1007/s11250-017-1280-1
https://doi.org/10.1007/s11250-017-1280-1
https://pubmed.ncbi.nlm.nih.gov/28439783
https://doi.org/10.1016/S0304-4017(01)00381-8
https://doi.org/10.1016/S0304-4017(01)00381-8
https://pubmed.ncbi.nlm.nih.gov/11337124


Braz J Vet Parasitol 2024; 33(2): e001324 13/14

New Trypanosoma evansi type non-A/B from Indonesia

Isaac C, Ciosi M, Hamilton A, Scullion KM, Dede P, Igbinosa IB, et al. Molecular identification of different trypanosome species 
and subspecies in tsetse flies of northern Nigeria. Parasit Vectors 2016; 9(1): 301. http://doi.org/10.1186/s13071-016-1585-3. 
PMid:27216812.

Isobe T, Holmes EC, Rudenko G. The transferrin receptor genes of Trypanosoma equiperdum are less diverse in their transferrin 
binding site than those of the broad-host range Trypanosoma brucei. J Mol Evol 2003; 56(4): 377-386. http://doi.org/10.1007/
s00239-002-2408-z. PMid:12664158.

Kamidi CM, Saarman NP, Dion K, Mireji PO, Ouma C, Murilla G, et al. Multiple evolutionary origins of Trypanosoma evansi in Kenya. 
PLoS Negl Trop Dis 2017; 11(9): e0005895. http://doi.org/10.1371/journal.pntd.0005895. PMid:28880965.

Kariuki CK, Stijlemans B, Magez S. The trypanosomal transferrin receptor of Trypanosoma brucei–A review. Trop Med Infect Dis 
2019; 4(4): 126. http://doi.org/10.3390/tropicalmed4040126. PMid:31581506.

Konnai S, Mekata H, Mingala CN, Abes NS, Gutierrez CA, Herrera JRV, et al. Development and application of a quantitative 
real-time PCR for the diagnosis of Surra in water buffaloes. Infect Genet Evol 2009; 9(4): 449-452. http://doi.org/10.1016/j.
meegid.2009.01.006. PMid:19460309.

Letunic I, Bork P. Interactive Tree Of Life (iTOL) v5: an online tool for phylogenetic tree display and annotation. Nucleic Acids Res 
2021; 49(W1): W293-W296. http://doi.org/10.1093/nar/gkab301. PMid:33885785.

Li FJ, Gasser RB, Lai DH, Claes F, Zhu XQ, Lun ZR. PCR approach for the detection of Trypanosoma brucei and T. equiperdum and 
their differentiation from T. evansi based on maxicircle kinetoplast DNA. Mol Cell Probes 2007; 21(1): 1-7. http://doi.org/10.1016/j.
mcp.2006.03.009. PMid:16806809.

Li FJ, Lai DH, Lukeš J, Chen XG, Lun ZR. Doubts about Trypanosoma equiperdum strains classed as Trypanosoma brucei or Trypanosoma 
evansi. Trends Parasitol 2006; 22(2): 55-56, author reply 58-59. http://doi.org/10.1016/j.pt.2005.12.005. PMid:16377246.

Li Z, Torres JEP, Goossens J, Stijlemans B, Sterckx YGJ, Magez S. Development of a recombinase polymerase amplification 
lateral flow assay for the detection of active Trypanosoma evansi infections. PLoS Negl Trop Dis 2020; 14(2): e0008044. http://doi.
org/10.1371/journal.pntd.0008044. PMid:32069278.

Marsela M, Hayashida K, Nakao R, Chatanga E, Gaithuma AK, Naoko K, et al. Molecular identification of trypanosomes in cattle 
in Malawi using PCR methods and nanopore sequencing: epidemiological implications for the control of human and animal 
trypanosomiases. Parasite 2020; 27: 46. http://doi.org/10.1051/parasite/2020043. PMid:32686644.

Ngaira JM, Njagi ENM, Ngeranwa JJN, Olembo NK. PCR amplification of RoTat 1.2 VSG gene in Trypanosoma evansi isolates in 
Kenya. Vet Parasitol 2004; 120(1-2): 23-33. http://doi.org/10.1016/j.vetpar.2003.12.007. PMid:15019140.

Njiru ZK, Constantine CC, Masiga DK, Reid SA, Thompson RCA, Gibson WC. Characterization of Trypanosoma evansi type B. Infect 
Genet Evol 2006; 6(4): 292-300. http://doi.org/10.1016/j.meegid.2005.08.002. PMid:16157514.

Njiru ZK, Gitonga PK, Ndungu K. The typing of Trypanosoma evansi isolates using mobile genetic element (MGE) PCR. Parasitol 
Res 2011; 108(6): 1583-1587. http://doi.org/10.1007/s00436-010-2246-7. PMid:21287202.

Salim B, Bakheit MA, Kamau J, Nakamura I, Sugimoto C. Molecular epidemiology of camel trypanosomiasis based on ITS1 rDNA 
and RoTat 1.2 VSG gene in the Sudan. Parasit Vectors 2011; 4(1): 31. http://doi.org/10.1186/1756-3305-4-31. PMid:21375725.

Salim B, Bakheit MA, Sugimoto C. Molecular detection of equine trypanosomes in the Sudan. Vet Parasitol 2014; 200(3-4): 246-
250. http://doi.org/10.1016/j.vetpar.2013.09.002. PMid:24439848.

Sánchez E, Perrone TM, Sánchez F, Mijares A. Kinetoplast ultrastructure of five Trypanosoma evansi and Trypanosoma equiperdum 
Venezuelan isolates. Acta Microsc 2016; 25(3): 143-150.

Stevens JR, Godfrey DG. Numerical taxonomy of Trypanozoon based on polymorphisms in a reduced range of enzymes. Parasitology 
1992; 104(Pt 1): 75-86. http://doi.org/10.1017/S0031182000060820. PMid:1614742.

Subekti DT, Ekawasti F, Azmi Z, Yuniarto I, Fong S, Fahrimal Y. Does Trypanosoma evansi have the maxicircle gene, or can 
Trypanosoma equiperdum be isolated from bovines? J Parasitol 2023; 109(4): 436-444.  PMid:37646443.

Subekti DT, Yuniarto I. Validation of enzyme linked immunosorbent assay for detection of antibody anti Trypanosoma evansi. 
Maret 2020; 21(1): 143-159.

Sudan V, Jaiswal AK, Shanker D, Verma AK. First report of molecular characterization and phylogenetic analysis of RoTat 1.2 VSG 
of Trypanosoma evansi from equine isolate. Trop Anim Health Prod 2017; 49(8): 1793-1796. http://doi.org/10.1007/s11250-017-
1384-7. PMid:28831704.

Suganuma K, Narantsatsral S, Battur B, Yamasaki S, Otgonsuren D, Musinguzi SP, et al. Isolation, cultivation and molecular 
characterization of a new Trypanosoma equiperdum strain in Mongolia. Parasit Vectors 2016; 9(1): 481. http://doi.org/10.1186/
s13071-016-1755-3. PMid:27580944.

https://doi.org/10.1186/s13071-016-1585-3
https://pubmed.ncbi.nlm.nih.gov/27216812
https://pubmed.ncbi.nlm.nih.gov/27216812
https://doi.org/10.1007/s00239-002-2408-z
https://doi.org/10.1007/s00239-002-2408-z
https://pubmed.ncbi.nlm.nih.gov/12664158
https://doi.org/10.1371/journal.pntd.0005895
https://pubmed.ncbi.nlm.nih.gov/28880965
https://doi.org/10.3390/tropicalmed4040126
https://pubmed.ncbi.nlm.nih.gov/31581506
https://doi.org/10.1016/j.meegid.2009.01.006
https://doi.org/10.1016/j.meegid.2009.01.006
https://pubmed.ncbi.nlm.nih.gov/19460309
https://doi.org/10.1093/nar/gkab301
https://pubmed.ncbi.nlm.nih.gov/33885785
https://doi.org/10.1016/j.mcp.2006.03.009
https://doi.org/10.1016/j.mcp.2006.03.009
https://pubmed.ncbi.nlm.nih.gov/16806809
https://doi.org/10.1016/j.pt.2005.12.005
https://pubmed.ncbi.nlm.nih.gov/16377246
https://doi.org/10.1371/journal.pntd.0008044
https://doi.org/10.1371/journal.pntd.0008044
https://pubmed.ncbi.nlm.nih.gov/32069278
https://doi.org/10.1051/parasite/2020043
https://pubmed.ncbi.nlm.nih.gov/32686644
https://doi.org/10.1016/j.vetpar.2003.12.007
https://pubmed.ncbi.nlm.nih.gov/15019140
https://doi.org/10.1016/j.meegid.2005.08.002
https://pubmed.ncbi.nlm.nih.gov/16157514
https://doi.org/10.1007/s00436-010-2246-7
https://pubmed.ncbi.nlm.nih.gov/21287202
https://doi.org/10.1186/1756-3305-4-31
https://pubmed.ncbi.nlm.nih.gov/21375725
https://doi.org/10.1016/j.vetpar.2013.09.002
https://pubmed.ncbi.nlm.nih.gov/24439848
https://doi.org/10.1017/S0031182000060820
https://pubmed.ncbi.nlm.nih.gov/1614742
https://pubmed.ncbi.nlm.nih.gov/37646443
https://doi.org/10.1007/s11250-017-1384-7
https://doi.org/10.1007/s11250-017-1384-7
https://pubmed.ncbi.nlm.nih.gov/28831704
https://doi.org/10.1186/s13071-016-1755-3
https://doi.org/10.1186/s13071-016-1755-3
https://pubmed.ncbi.nlm.nih.gov/27580944


Braz J Vet Parasitol 2024; 33(2): e001324 14/14

New Trypanosoma evansi type non-A/B from Indonesia

Urakawa T, Verloo D, Moens L, Büscher P, Majiwa PA. Trypanosoma evansi: cloning and expression in Spodoptera frugiperda 
[correction of fugiperda] insect cells of the diagnostic antigen RoTat1.2. Exp Parasitol 2001; 99(4): 181-189. http://doi.org/10.1006/
expr.2001.4670. PMid:11888244.

Wen YZ, Lun ZR, Zhu XQ, Hide G, Lai DH. Further evidence from SSCP and ITS DNA sequencing support Trypanosoma evansi 
and Trypanosoma equiperdum as subspecies or even strains of Trypanosoma brucei. Infect Genet Evol 2016; 41: 56-62. http://doi.
org/10.1016/j.meegid.2016.03.022. PMid:27016375.

World Organization of Animal Health - WOAH. Surra in all species (Trypanosoma evansi/infection). In: World Organization of Animal 
Health - WOAH. OIE Terrestrial Manual 2021. France: WOAH; 2021 [cited 2024 Apr 24]. p. 1-17. Available from: https://www.woah.
org/fileadmin/Home/eng/Health_standards/tahm/3.01.21_SURRA_TRYPANO.pdf

https://doi.org/10.1006/expr.2001.4670
https://doi.org/10.1006/expr.2001.4670
https://pubmed.ncbi.nlm.nih.gov/11888244
https://doi.org/10.1016/j.meegid.2016.03.022
https://doi.org/10.1016/j.meegid.2016.03.022
https://pubmed.ncbi.nlm.nih.gov/27016375

